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Background: Of the syncope types, arrhythmic syncope is the most life threatening and therefore
requires proper treatment. However, the clinical predictors of arrhythmic syncope remain unknown.
Some patients with syncope suffer from head injury, a serious side effect whose importance in the
differential diagnosis of syncope has not been fully studied. Here, we attempted to identify the clinical
characteristics of arrhythmic syncope, including the role played by head injuries.
Methods: We studied inpatients referred to the cardiology section for the diagnosis and treatment of
syncope. Clinical characteristics including age, sex, incidence of head injury during syncope, and
cardiologic studies were evaluated in patients with arrhythmic and non-arrhythmic syncope.
Results: Of 5590 inpatients, 273 (4.8%) (170 men; mean age, 61717 years) suffered a syncopal episode
before admission, 119 (43%) of whom were diagnosed with arrhythmic syncope and 30 (11%) of
whom were undiagnosed. In multivariate analysis, age 465 years (65% vs. 42%, po0.005), abnormal
electrocardiogram (66% vs. 43%, po0.01), and the presence of a head injury (31% vs. 16%, po0.01) were
more prevalent in patients with arrhythmic syncope than in patients with non-arrhythmic syncope.
Conclusions: Patients with arrhythmic syncope were older, suffered collateral head injuries more
frequently, and were more likely to have abnormal electrocardiograms than patients with non-
arrhythmic syncope did.
& 2013 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.1. Introduction
Arrhythmic syncope is perhaps the most serious of all syncope
types. Although syncope can result from many different diseases,
[1–3] syncope due to cardiac causes is associated with a higher
mortality than syncope due to non-cardiac causes [3]. Further-
more, even among cardiac causes, arrhythmias are associated
with a high risk. The recently reported guidelines [1] and clinical
scoring systems [4–6] for identifying high-risk patients include
arrhythmia as a predictor. One study found that an abnormal
electrocardiogram (ECG), history of congestive heart failure, and
age 465 years predicted arrhythmia as a cause of unexplained
syncope [7]. However, the positive predictive accuracy of those
predictors was low, and better predictors are still needed.
Patients with syncope often suffer secondary trauma. Major
morbidities such as fractures and injuries from motor vehicle acci-
dents have been reported in 6% of patients, whereas minor injuries
such as lacerations and bruises have been reported in 29% [1].
Recurrent syncope was associated with fractures and soft tissue injuryrt Rhythm Society. Published by E
edical and Dental University,in 12% of patients [8]. In a recent report on emergency department
(ED) patients, minor and major trauma was reported in 29.1% and
4.7% of cases, respectively [9]. Moreover, clinical studies have shown
that secondary trauma due to syncope is associated with poor short-
term prognosis [10,11]. Although head injuries suffered by patients
with syncope would seem to be a serious side effect, very few studies
have addressed secondary head injuries in patients with syncope, so
the correlation between clinical diagnosis and secondary head injury
is unclear. The aim of our study was to identify the characteristics of
patients hospitalized for syncope due to arrhythmia, and the role of
secondary head injuries.2. Methods
2.1. Study design and setting
The study population was identiﬁed retrospectively from a
clinical database of inpatients treated at the Department of
Cardiovascular Medicine, Tokyo Medical and Dental University,
Tokyo, Japan, from January 2003 to March 2009. This university
hospital is located in central Tokyo and has an ED that is
open 24 h a day. The inpatients comprised both emergency and
scheduled admissions. In this study, we deﬁned syncope as alsevier B.V. All rights reserved.
Table 2
Final Diagnosis in All Patients (n¼273).
Diagnosis No.%
Reﬂex 79 (29)
Orthostatic hypotension 12 (4)
Cardiac 146 (53)
Arrhythmic 119 (43)
Bradycardia 66 (23)
Sinus node dysfunctiona 41 (15)
Atrioventricular block 23 (8)
Device failure 2 (1)
Tachycardia 53 (19)
Supraventricular 25 (9)
Ventricular 28 (10)
Structural 27 (10)
Ischemia 9 (3)
Valvular heart disease 5 (2)
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cerebral hypoperfusion characterized by rapid onset, short dura-
tion, and spontaneous complete recovery [1].
We included all patients 415 years of age who complained of
the occurrence of a syncope or syncope-like event before hospitali-
zation. Patients with incomplete syncope such as near syncope,
dizziness, collapse, or light-headedness were excluded, as were
patients who required cardiorespiratory rescue or deﬁbrillation. All
patients referred to our department underwent a comprehensive
history and physical examination, blood pressure assessment, 12-
lead ECG, chest radiography, and routine blood testing during
hospitalization. During hospitalization, all patients underwent pro-
longed monitoring for at least 24 h. All inpatient management,
including advanced tests and speciﬁc treatments, was determined
according to each patient’s condition. The ﬁnal diagnoses for the
purposes of this study were made upon agreement by all authors.Cardiomyopathy 5 (2)
Others 8 (3)
No syncope 6 (2)
Unknown 30 (11)
a Includes 12 patients with bradycardia/tachy-
cardia syndrome.2.2. Data collection
Data collected included: (1) demographic characteristics (age
and sex); (2) syncope during exercise consisting of 43 metabolic
equivalents or rest according to patient history; (3) emergency
versus scheduled admission; (4) presence or absence of secondary
head injuries; (5) presence or absence of abnormal ECGs; (6)
presence or absence of abnormal transthoracic echocardiography
(TTE) ﬁndings; (7) number of advanced tests undertaken to diagnose
syncope (tilt table testing and electrophysiologic studies [EPS]) and
number of speciﬁc treatments undertaken for arrhythmic diseases
(pacemaker implantations, implantable cardioverter-deﬁbrillator
implantations, and radiofrequency catheter ablation); and (8) ﬁnal
diagnosis regarding the syncope origin, especially arrhythmic vs.
non-arrhythmic syncope.
Abnormal ECG and TTE ﬁndings were deﬁned as follows: ECG,
ﬁnding suggestive of arrhythmic syncope according to the
European Society of Cardiology (ESC) guidelines; [1] and TTE, left
ventricular ejection fraction o50% or structural heart disease
requiring treatment. The ﬁnal diagnosis was classiﬁed according
to ESC guidelines (Table 2) [1].
The reﬂex syncope category included vasovagal, situational,
and carotid sinus syncope types. Head injuries were deﬁned as
major or minor injuries occurring above the shoulders secondary
to T-LOC that were clinically relevant enough to be mentioned in
the patient’s clinical record. In this study, we analyzed each injury
even if it was only a hematoma. We also deﬁned severe head
injuries as those requiring surgical treatment, such as fractures
and brain hemorrhage. Furthermore, the arrhythmic syncope
category included both bradycardia and tachycardia diagnosedTable 1
Baseline Characteristics in All Patients (n¼273)
with T-LOC.
Average age (years) 61717
Age 465 (%) 142 (52)
Men (%) 179 (66)
Women (%) 94 (34)
During exercise (%) 89 (33)
Head injury (%) 61 (22)
Severe head injury (%) 9 (3)
Abnormal ECG (%) 145 (53)
TTE done (%) 222 (81)
Abnormal TTE (%) 86 (39)
Admission from ED (%) 117 (43)
ECG, electrocardiography; ED, emergency depart-
ment; TTE, transthoracic echocardiography and
T-LOC, transient loss of consciousness.by the ESC diagnostic criteria guidelines. Therefore, the non-
arrhythmic syncope category included all syncope types except
arrhythmic and non-syncopal T-LOC. The data from patients with
arrhythmic syncope were compared with those of patients with
T-LOC from non-arrhythmic causes, including non-syncopal con-
ditions, to identify the speciﬁc characteristics of patients with
arrhythmic syncope.
2.3. Statistical analysis
Data are reported as the mean7standard deviation. Contin-
uous and categorical variables were compared between the
groups using Student’s t-test and Fisher’s exact test, respectively.
Two-tailed values of po0.05 were considered statistically sig-
niﬁcant. Multivariate logistic regression analyses were used to
identify variables associated with arrhythmic syncopal events.
Values of po0.05 were considered signiﬁcant. The data were
analyzed using Dr. SPSS (SPSS Inc., Chicago, IL, USA).3. Results
We reviewed the records of all 5590 inpatients during our
target period and identiﬁed 273 patients (4.8%) with syncope or
syncope-like conditions. These patients comprised 179 men and
94 women with an average age of 61717 years. The patients’
baseline characteristics are shown in Table 1. There were more
men (66%) than women (34%) (po0.001). The mode was 70–79
years of age when sex was ignored (Fig. 1). The histogram of
female patient age was bimodal with peaks in the 20–29 and
70–79-year age groups, whereas the mode for men was in the
60–69-year age group. We performed 102 tilt table tests (37%)
and 68 EPS (25%) to diagnose syncope. The ﬁnal diagnoses are
shown in Table 2. The most common cause of syncope in our
patient population was cardiac syncope (53%), and arrhythmic
syncope comprised 43% of all cases. Non-syncopal T-LOC was rare
(2%) in this study. The cause of syncope could not be determined
in 33 patients (11%) despite in-hospital testing and management .
The patients with arrhythmic syncope were older than those
with non-arrhythmic syncope were (po0.001). Patients with
arrhythmic syncope were signiﬁcantly more likely to be 465
Fig. 1. Age distribution of all, male, and female patients.
Table 3
Differences in characteristics between patients with arrhythmic and non-arrhyth-
mic causes of syncope.
Patients with syncope and complete T-LOC
Arrhythmic
(n¼119)
Non-arrhythmic
(n¼154)
p-value
Average age (years) 66713 57718 o0.001
Age 465 years (%) 77 (65) 65 (42) o0.001
Male sex (%) 83 (70) 96 (62) n.s.
During exercise (%) 42 (35) 47 (30) n.s.
Head injury (%) 36 (30) 25 (16) o0.01
Abnormal ECG (%) 78 (66) 67 (43) o0.001
Abnormal TTEa (%) 50 (48) 36 (31) o0.05
Admission from ED (%) 56 (47) 61 (39) n.s.
a TTE was performed in 105 patients in the arrhythmic group and 117 patients
in the non-arrhythmic group. ECG, electrocardiography, ED, emergency depart-
ment; TTE, transthoracic echocardiography and T-LOC, transient loss of conscious-
ness.
Table 4
Results of the multivariate analysis of the all factors.
e OR 95% CI p-value
Age 465 (%) 2.3 1.3–3.9 o0.005
Male gender (%) 1.2 0.7–2.2 n.s.
During exercise (%) 1.3 0.7–2.2 n.s.
Head injury (%) 2.3 1.2–4.3 o0.01
ECG (%) 2.2 1.3–3.9 o0.01
Abnormal TTE (%)a 1.1 0.5–1.7 n.s.
Admission from the ED (%) 1.0 0.6–1.7 n.s.
a Analysis among the 222 patients that underwent a TTE. ECG, electrocardio-
graphy; ED, emergency department; TTE, transthoracic echocardiography; T-LOC,
transient loss of consciousness; e OR, Estimated Odds Ratio; 95% CI and 95%
conﬁdence interval.
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abnormal TTE (po0.05) than patients with non-arrhythmic
syncope. Furthermore, head trauma was more common in
patients with arrhythmic syncope than in patients with non-
arrhythmic syncope (30% vs. 16%, po0.01; Table 3). There were
no signiﬁcant differences between the patients with arrhythmic
syncope and the patients with non-arrhythmic syncope in terms
of sex ratio, rate of syncope during exercise, or the number of
patients requiring emergency hospitalizations. Multivariate logis-
tic regression analysis yielded similar results except for an
abnormal TTE (Table 4). The predictors of arrhythmic syncope
were age 465 years (estimated odds ratio [eOR] 2.3; 95%
conﬁdence interval [95% CI] 1.3–3.9, po0.005), head injury
(eOR 2.3; 95% CI 1.2–4.3; po0.01), and abnormal ECG (eOR 2.2;
95% CI, 1.2–3.9; po0.01). Speciﬁc arrhythmia-related treatmentsin the 273 syncopal patients included 59 (22%) cardiac pacemaker
implantations, 19 (7%) implantable cardioverter-deﬁbrillator
implantations, and 35 (13%) radiofrequency catheter ablation
procedures.4. Discussion
In this study, we sought to determine the characteristics that
distinguished arrhythmic syncope from non-arrhythmic syncope
among hospital inpatients in a cardiology department. Patients
with arrhythmic syncope more frequently had an abnormal ECG
and were 465 years of age than patients with non-arrhythmic
syncope. In addition, the occurrence of a secondary head injury
was signiﬁcantly more common in patients with arrhythmic
syncope. Several studies have described the effects of injury in
patients with syncope in the ED. Unger et al. reported that the
predictors of mortality were age, presence of heart disease or an
abnormal ECG, decreasing number of previous syncopal attacks,
and the presence of trauma [10]. In the short-term prognosis of
syncope study, concomitant trauma was an independent risk
factor for the development of severe adverse outcomes in
the ﬁrst 10 days after a syncopal episode (OR 2.9; 95% CI,
1.4–5.9) [11]. However, Bartoletti et al. reported that in all of
the traumas, there was no signiﬁcant difference in the rate of
head trauma between patients with and without a syncopal
condition [9]. They also reported that the prevalence of trauma
did not differ from that of non-trauma in patients with arrhyth-
mic syncope. The correlation between syncopal causes and
secondary trauma due to syncope in the results of these studies
was not clear despite the fact that trauma would be expected to
be strongly related to mortality in patients with T-LOC. In our
study, we speculated that the onset of arrhythmic syncope is
more rapid than that of non-arrhythmic syncope, and we only
evaluated head traumas and compared arrhythmic syncope with
all other types of syncope. Thus, we could determine the correla-
tion between head trauma and syncope cause. In our study,
multivariate analysis did not ﬁnd abnormal echocardiogram
ﬁndings to be a predictive factor of arrhythmic syncope. Sarasin
et al. reported that arrhythmic syncope occurred in 17% of all
patients with syncope, and abnormal ECG, age 465 years, and
history of congestive heart failure were predictors of arrhythmia
in patients with unexplained syncope after an ED assessment [7].
Although the study conditions differed in the present study, the
ﬁrst 2 predictors in the study of Sarasin et al. were identical to our
ﬁndings. They also separately reported that arrhythmias were
diagnosed in 12 of 24 patients (50%) with echocardiogram
ﬁndings of systolic dysfunction only in patients with unexplained
syncope and a positive cardiac history or abnormal ECG [12].
They concluded that echocardiography is useful for risk stratiﬁca-
tion by measuring the left ventricular function, a predictor of
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cardiogram ﬁndings could be a predictor of arrhythmia-related
syncope, which was not observed in the present study likely
because of the small number of patients and the patients’ clinical
characteristics.
According to the evaluation of guidelines in syncope study 2
trial (EGSYS-2) score, syncope during effort was one predictor of
cardiac syncope (OR, 17.0; 95% CI, 4.1–72.2) [5]. In our study
population, 27 of 119 patients (23%) in the non-arrhythmic T-LOC
group suffered cardiac syncope, and there was no signiﬁcant
difference between the arrhythmic and non-arrhythmic syncope
groups. Despite in-hospital testing and patient management, we
were unable to diagnose the cause of the syncope in 11% of the
study subjects. In the EGSYS-2 study, 2% of syncopal patients
referred to the ED had an unknown cause of syncope; [13] in
another study, the cause of syncope was unknown in 18% of
patients referred to a syncope unit [10]. The patients in the
present study who required hospitalization for syncope of
unknown cause might have been similar to those referred to the
syncope unit.
4.1. Limitations
There were several limitations to the present study. First, the
study population comprised not only hospital inpatients but also
patients referred to the ED. The population was highly selective. In
our population, 53% of all patients suffered cardiac syncope, while
only 29% suffered reﬂex syncope. The proportions were different in
other studies [1–3]. In a study in the ED of a similar hospital in
Tokyo, only 9.9% of patients suffered cardiac syncope [14]. Our
results demonstrate the actual conditions of severely ill patients
who required inpatient management of syncope. We cannot extra-
polate the results of this study to all patients with syncope, but we
can probably use the results for patients with a severe appearance
who are considered for hospitalization. Second, the diagnostic
criteria used in this study were not standardized. Each of the
attending physicians used their ownmethod to make the diagnosis.
Furthermore, some patients in our study were diagnosed prior to
hospitalization. Thus, the number of tilt table tests and EPS
appeared small. However, the conditions under which this study
was performed were the actual clinical setting of syncope. Third, we
could not collect follow-up data and did not evaluate the mortality
and recurrence of syncope. Prospective observational studies are
needed to conﬁrm our results and to identify the correlation
between head trauma and syncopal causes. The last limitation
was that we did not use an implantable loop recorder (ILR) in this
study. Recent studies have shown ILR to be an effective tool for the
diagnosis of unexplained syncope [1,15–18]. During the study
period, ILR use was not common in the Japanese clinical setting.
It would be interesting to see whether the use of an ILR would
change the diagnoses and number of tests performed.5. Conclusions
Our patients with arrhythmic syncope frequently were 465
years, had more abnormal ECGs, and suffered more head injuries
than patients with non-arrhythmic syncope did.Conﬂicts of interest
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